Objectives The aim of our study was to evaluate antimicrobial prescription behaviour amongst dentists performing oral implant surgery in India. Study Design Dentists performing oral implant surgery from different parts of India were personally approached during various national events such as conferences and academic meetings and information regarding their prescription habits for antimicrobial agents in routine oral implant surgery was collected using a structured questionnaire. Results Out of a total sample of 332 dentists, 85.5 % prescribed 17 different groups or combinations of antibiotics routinely for oral implant surgery in the normal healthy patient. Majority preferred the peri-operative protocol of drug therapy (72.2 %) with variable and prolonged duration of therapy after surgery, ranging from 3 to 10 days. An antimicrobial mouthwash was routinely prescribed by all the doctors (14.5 %) not in favour of prescribing antimicrobials in a normal healthy patient.
Introduction
The use of anti-microbial agents (AMAs) in surgical patients of all specialties, including oral surgical procedures, has been well documented over the decades [1] [2] [3] . These drugs are prescribed by dental surgeons in two roles-therapeutically, to treat established infections, and as prophylactic cover for oral surgical procedures [4, 5] . Oral surgical procedures are classified as ''clean-contaminated'' surgery and are associated with an incidence of bacteremia [6] [7] [8] . This necessitates the use of AMAs as prophylactic cover in patients with increased risk of infectious complications, like immune-compromised patients, those at risk of infective endocarditis and prosthetic joint replacement infections [9] [10] [11] . However, recent reviews have started to question the role of prophylaxis even among these patients [12] .
The indiscriminate use of AMAs, attendant additional costs, health risks and community disadvantages in the form of bacterial resistance are numerous and well documented [4, [13] [14] [15] Antimicrobial resistance is a well recognized phenomenon and this was recently highlighted with the discovery of the New Delhi Metallo-beta-lactamase-1 molecule [16, 17] . Even the World Health Organization (WHO) has recognized this problem, with the South East Asia Region (SEAR) countries under the WHO acknowledging antimicrobial resistance a major global health issue [18] .
Tooth replacement has always been one of the major efforts of dental science and the introduction of oral implants by Branemark was a revolution in oral health rehabilitation [19, 20] . However, as in all oral surgical procedures, implant placement is also associated with some incidence of bacteraemia. The placement of implants involves the insertion of a foreign body into the bone through the bacteria laden oral cavity, further complicating the role of antimicrobial therapy in this procedure [21, 22] . Adding to this dilemma is the fact that a majority of implants survive in the bone, with or without anti-microbial therapy [23] . There is no clear-cut evidence supporting or denying the role of antimicrobial prophylaxis in oral implant surgery and recent clinical studies and literature reviews have been inconclusive regarding the absolute recommendation or denial of antimicrobial prophylaxis for this surgical procedure [15, 24] .
A comprehensive search of commonly used electronic databases such as Pubmed and Google Scholar, using the key words 'antibiotics', 'oral implants 'and 'dental' was done. Published literature in this context related to either use of AMAs by dental practitioners in routine clinical practice or the success and failure of oral implants with or without AMAs [23] [24] [25] [26] [27] [28] [29] [30] . Only one study from Jordan had specifically reported the use of AMAs by dentists performing oral implant surgery [31] .
The aim of our study was to assess the current trend of antimicrobial prescription behaviour among dentists performing oral implant surgery in India and its implications. To our knowledge, this is the first study of its kind to be conducted in the Indian subcontinent.
Study Design
Dental surgeons performing oral implant surgery from different parts of India were personally approached during various national events such as conferences and academic meetings, and comprised of the target population for this study. It was made clear to all dentists that participation was voluntary. Information was collected via a structured questionnaire regarding antimicrobials prescribed for routine oral implant surgery in the normal healthy patient and the protocol followed. All data was manually transferred from the survey forms to an electronic spreadsheet.
Results
A total of 350 dentists were approached with the survey form and completed data forms were returned by 94.8 % (332) of the dentists. Overall, the average experience of the respondents in implant dentistry ranged from less than 1 year to 35 years with an average of 4 years. The data was analyzed in two groups, the first group detailing the prescription habits of the respondents and the second group analyzing the different pharmacological agents and the protocols in which they were being prescribed.
An analysis of the prescription habits of the dentists revealed that out of the total sample of 332 dentists, 85.5 % (n = 284) prescribed antibiotics routinely when performing oral implant surgery and they were termed as the prescriber group. The remaining respondents were referred to as the non-prescriber group (14.5 %, n = 48). In the prescriber group (n = 284), 60.5 % (n = 172) dentists prescribed a single drug as antimicrobial prophylaxis for oral implant surgery. The remaining 39.5 % (n = 112) dentists prescribed more than one drug and among these 60.7 % (n = 68) preferred to prescribe pre-formulated commercially available drug combinations (for example: a commercially available tablet of ciprofloxacin and tinidazole combination), while 39.3 % (n = 44) prescribed one or more separate drugs together (for example: capsule of amoxicillin with a tablet of metronidazole to be taken together). Additionally, 19.7 % (n = 56) dentists of the prescriber group prescribed more than one pharmacological agent for routine oral implant surgery and specified that they prescribed different AMAs for different patients undergoing oral implant surgery on a subjective basis.
In the prescriber group, the trade name of the drugs prescribed was used by 54.2 % (n = 154) and the generic name by 37.3 % (n = 106), while 8.5 % (n = 24) wrote both. Irrespective of this, only 25.7 % (n = 73) mentioned the drug dose in their prescriptions. The majority preferred the peri-operative protocol of drug therapy (63 %, n = 179). Post-operative therapy was prescribed by 34.5 % (n = 98), while pre-operative drug therapy was preferred by 2.5 % (n = 7) dentists only. Duration of therapy after surgery ranged from 1 to 10 days for both post and peri-operative therapy, with the most common being 5 days (50.3 %, n = 143). Some dentists (10.6 %, n = 30) mentioned variable days of post-operative therapy, ranging from 3 to 10 days for the same prescription, indicating that they used different protocols for different patients. The oral route of drug administration was preferred by all doctors. Parenteral therapy (6 %, n = 17), where indicated, was used as an adjunct to continued postoperative oral therapy.
A detailed analysis of the different pharmacological agents prescribed as antimicrobial therapy for routine implant surgery revealed the following trends ( Table 1) . The most commonly prescribed pharmacological group of AMAs was the penicillin's (81 %, n = 230) and within this group, the combination of amoxicillin with clavulanic acid was the most frequently prescribed drug (49.5 %, n = 114). Other commonly prescribed AMAs included quinolones (19.4 %, n = 55), cephalosporins (15.8 %, n = 45), macrolides (4.2 %, n = 12), lincosamides (1.4 %, n = 4) and tetracycline (0.3 %, n = 1). A total of 32.4 % (n = 92) doctors added a nitroimidazole drug as an additional supplement for anaerobic cover with the AMA prescribed. The most common anaerobic agent prescribed was metronidazole (50 %, n = 46) followed by ornidazole (33.6 %, n = 31) and tinidazole (18.4 %, n = 17).
It is notable that only one doctor in the prescriber group mentioned the use of an antibacterial mouthwash. On the contrary, an antimicrobial mouthwash was prescribed by all the doctors in the non prescriber group i.e. 14.5 % (n = 48). The two agents prescribed were chlorhexidine (69.3 %) and povidone iodine (30.6 %). Approximately 8 % of the non-prescribers recommended both agents indicating a subjective variation in prescription.
Discussion
Our findings showed that the majority (85.5 %) of dentists in India were in favour of antimicrobial therapy in the normal healthy patient undergoing oral implant surgery. The only study with investigation criteria similar to our study was conducted in Jordan and found that only 49.4 % of dentists were in favour of routine antibiotic prescription [31] . The most commonly prescribed pharmacological group of antimicrobial agents by our study sample was the penicillin group (81 %, n = 230) and within this group, almost 50 % (n = 114) prescribed amoxicillin with clavulanic acid as the drug of choice, along with 33.9 % (n = 78) prescribing amoxicillin. Almost 20 % (n = 41) of those in the penicillin group also recommend a nitroimidazole along with the penicillin agent as an adjunct for anaerobic cover. A similar trend favouring the penicillin group of drugs was found by Abukaraky et al. [31] from their survey of dentists in Jordan. Almost 82 % of their study sample also preferred a penicillin drug with amoxicillin and clavulanic acid and amoxicillin being prescribed by 61.5 and 38.5 % respectively. It is noteworthy that most other studies also recommend amoxicillin as the drug of choice in dento-alveolar surgery and oral implant surgery prophylaxis [3, 5, 7, 8, 12, 15, 30, 32] .
The other major antimicrobial groups of drugs being prescribed by the doctors in our study were the quinolones (19.4 %, n = 55) and cephalosporins (15.8 %, n = 45). It is interesting to note that the role of cephalosporins has only been mentioned by Laskin et al. and Abukaraky et al. as additional AMAs in oral implant surgery [29, 31] . The quinolones have not received any mention in the reviewed literature as antimicrobial agents in oral implant surgery, and our respondents appear to be the only group of dentists extensively prescribing this group of drugs. A minority of our respondents also prescribed macrolides (4.2 %, Pre pre-operative, Peri peri-operative, Post post-operative, Route: PO per oral, IV intravenous, IM intramuscular n = 12) and lincosamides (1.4 %, n = 4) as routine drugs. However, most reviews indicate that these are recommended only in penicillin sensitive individuals where antimicrobial therapy is indicated [3, [9] [10] [11] .
Apart from the guidelines of antimicrobial use in routine oral implant surgery in the normal healthy patient and the drug of choice for the same, controversy also exists in the dose to be used and the protocol of therapy. Only 25.7 % (n = 73) of our respondents mentioned the dose in their prescriptions. Current recommendations suggest that a single high preoperative dose of antimicrobial agent (amoxicillin) is sufficient for uncomplicated oral implant surgery [3, 24, 32, 33] . None of our respondents specified a similar elevated dose. One study has further recommended a single post-operative dose as well [14] . The concept of prolonged antimicrobial therapy has been questioned [30, [32] [33] [34] [35] [36] [37] . Out of our respondents, 96.1 % (n = 273) recommended continuing prolonged therapy in a range of 3-10 days after surgery, findings similar to the trend seen by Abukaraky et al. [31] in their Jordanian sample.
It is noteworthy that all those respondents who did not prescribe an antimicrobial agent for routine oral implant surgery volunteered that they recommended an antimicrobial mouthwash in a peri-operative protocol. Only one respondent in the prescriber group added this information to the prescribed antimicrobial protocol. Surgical asepsis and local measures like peri-operative antibacterial mouthwash have received due importance in literature with even those authors that were in favour of antimicrobial prophylaxis recommending the use of an antibacterial mouthwash peri-operatively [35, 38, 39] .
Conclusion
The majority of dentists were in favour of prescribing antimicrobial agents for oral implant surgery. Though most were in favour of the penicillin group of drugs, a large number also prescribe drugs and combinations of drugs that are not necessarily recommended for oral and dento-alveolar surgery at a global level. The importance of local measures such as antibacterial mouthwash seems to be overlooked, possibly considering the antimicrobial as a safety net.
Our study shows that action is required in the form of education and dissemination of correct information regarding the optimum use of antimicrobial agents and the effects of misuse of these drugs. A similar larger scale study would assist in influencing the nature of this intervention and further contribute to formulation of national and global antimicrobial drug policy.
